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[0001] This application claims the benefit of Korean Patent AppUcation No. 2001-30698, 
filed on June 1, 2001 in Korea, which is hereby incorporated by reference as if fully set forth 
herein. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0002] The present invention relates to a method of crystallizing an amorphous siUcon film, 
and more particularly, to a crystallization method using sequential lateral solidification (SLS). 
Discussion of Related Art 

[0003] Polycrystalline silicon (p-Si) and amorphous silicon (a-Si) are often used as the active 
layer material for thin fihn transistors (TFTs) in Hquid crystal display (LCD) devices. Since 
amorphous silicon (a-Si) can be deposited at a low temperature to form a thin film on a glass 
substrate, amorphous sihcon (a-Si) is commonly used in liquid crystal displays (LCDs). 
Unfortunately, amorphous silicon (a-Si) TFTs have relatively slow display response times that 
limit their suitability for large area LCDs. 

[0004] In contrast, polycrystalline silicon TFTs provide much faster display response times. 
Thus, polycrystalline silicon (p-Si) is well suited for use in large LCD device, such as laptop, 
computers and wall-mounted television sets. Such applications often require TFTs having 
field effect mobility greater than 30 cm^A^s together with low leakage current. 
[0005] A polycrystalline silicon film is composed of crystal grains having grain boundaries. 
The larger the griains and the more regular the grain boundaries, the better the field effect 
mobility. Thus, a silicon crystallization method that produces large grains, ideally a single 
crystal, would be usefiil. 

[0006] One method of crystallizing amorphous silicon into polycrystalline silicon is 
sequential lateral solidification (SLS). SLS crystalUzation uses the fact that silicon grains 
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tend to grow laterally from the interfaces between liquid and solid silicon. With SLS, 
amorphous silicon is crystallized using a laser beam having a magnitude and a relative 
motion that melts amorphous silicon such that the melted silicon forms laterally grown 
silicon grains upon re-crystallization. 

[0007] Figure lAis a schematic configuration of a conventional sequential lateral 
solidification (SLS) apparatus, while Figure IB shows a plan view of a conventional mask 38 
that is used in the apparatus of Figure 1 A. In Figxire lA, the SLS apparatus 32 includes a 
laser generator 36, a mask 38, a condenser lens 40, and an objective lens 42, the laser 
generator 36 generates and emits a laser beam 34. The intensity of the laser beam 34 is 
adjusted by an attenuator (not shown) in the path of the laser beam 34. The laser beam 34 is 
then condensed by the condenser lens 40 and is then directed onto the mask 38. 
[0008] The mask 38 includes a plurality of slits "A" through which the laser beam 34 passes, 
and light absorptive areas 'TB" that absorb the laser beam 34. The width of each slit "A" 
effectively defines the grain size of the crystalUzed silicon produced by a first laser 
irradiation. Furthermore, the distance between each slit "A" defines the size of the lateral 
grains growth of amorphous silicon crystallized by the SLS method. The objective lens 42 
is arranged below the mask and reduces the shape of the laser beam that passed through the 
mask 38. 

[0009] Still referring to Figure 1 A, an X-Y stage 46 is arranged adjacent to the objective lens 
42. The X-Y stage 46, which is movable in two orthogonal axial directions, includes an x- 
axial direction drive unit for driving the x-axis stage and a y-axial direction drive imit for 
driving the y-axis stage. A substrate 44 is placed on the X-Y stage 46 so as to receive light 
from the objective lens 42. Although not shown in Figure 1 A, it should be imderstood that 
an amorphous silicon fihn is on the substrate 44, thereby defining a sample substrate. 
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[0010] To use the conventional SLS apparatus, the laser generator 36 and the mask 38 are 
typically fixed in a predetermined position while the X-Y stage 46 moves the amorphous 
siUcon fihn on the sample substrate 44 in the x-axial and/or y-axial direction. Altematively, 
the X-Y stage 46 may be fixed while the mask 38 moves to crystallize the amorphous silicon 
film on the sample substrate 44. 

[0011] When performing SLS crystallization, a buffer layer is typically formed on the 
substrate. Then, the amorphous silicon fihn is deposited on the buffer layer. Thereafter, the 
amorphous silicon is crystallized as described above. The amorphous siKcon fihn is usually 
deposited on the buffer layer using chemical vapor deposition (CVD). Unfortunately, the 
CVD method produces amorphous silicon with a lot of hydrogen. To reduce the hydrogen 
content the amorphous siUcon film is typically thermal-treated, which causes de- 
hydrogenation, which results in a smoother surface on the crystalline silicon film. If the de- 
hydrogenation is not performed, the surface of the crystalline siUcon film is rough and the 
electrical characteristics of the crystalline silicon film are degraded. 
[0012] Figure 2 is a plan view showing a substrate 44 having a partially-crystallized 
amorphous silicon fihn 52. When performing SLS crystallization, it is difficult to crystaUize 
all of the amorphous sihcon fihn 52 at once because the laser beam 34 has a limited beam 
width, and because the mask 38 also has a limited size. Therefore, with a large size 
substrate, the mask 38 is typically arranged in several times over the substrate, while 
crystallization is repeated for the various mask arrangements, hi Figure 2, an area "C" that 
corresponds to one mask position is defined as a block. Crystallization of the amorphous 
silicon within a block "C" is achieved by irradiating the amorphous silicon with the laser 
beam several times. 
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[0013] Crystallization of the amorphoxis silicon film will be explained as follows. Figures 
3 A to 3C are plan views showing one block of an amorphous silicon film being crystallized 
using a conventional SLS method. In the illustrated crystallization, it should be understood 
that the mask 38 (see Figures 1 A and IB) has three slits. 

[0014] The length of the lateral growth of a grain is determined by the energy density of the 
laser beam, by the temperature of substrate, and by the thickness of amorphous silicon film 
(as well as other factors). The maximxmi lateral grain growth should be xmderstood as being 
dependent on optimized conditions. In the SLS method shown in Figures 3 A to 3C, the 
width of the slits is twice as large as the maximum lateral grain growth. 
[0015] Figure 3A shows an initial step of crystallizing the amorphous silicon film using a 
first laser beam irradiation. As described with reference to Figure 1 A, the laser beam 34 
passes through the mask 38 and irradiates one block of an amorphous siUcon film 52 on the 
sample substrate 44. The laser beam 34 is divided into three line beams by the three slits 
"A." The three line beams irradiate and melt regions "D", "E'' and "F'' of the amorphous 
silicon film 52. The energy density of the line beams should be sufficient to induce 
complete melting of the amorphous silicon film, i.e., complete melting regime. 
[0016] Still referring to FIG 3 A, after complete melting the liquid phase silicon begins to 
crystallize at the interfaces 56a and 56b between the solid phase amorphous siUcon and the 
Uquid phase silicon. Namely, lateral grain growth of grains 58a and 58b proceeds fi-om the 
uh-melted regions to the fiilly-melted regions. Lateral growth stops in accordance with the 
width of the melted silicon region when: (1) grains grown from interfaces collide near a 
middle section 50a of the melted sihcon region; or (2) polycrystalline silicon particles are 
formed in the middle section 50a as the melted sihcon region solidifies sufficiently to 
generate solidification nuclei. 
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[00171 When the width of the slits "A" (see Figure IB) is larger than twice the maximum 
lateral growth length of the grains, the width of the melted silicon region *T)," **E," or "F" is 
also larger than twice the maximum lateral growth length of the grains. Therefore, lateral 
grain growth stops when the polycrystalline siUcon particles are formed in the middle section 
50a. Such polycrystalUne silicon particles act as solidification nuclei in a subsequent 
crystallization step. 

[0018] As discussed above, the grain boiindaries in directionally solidified silicon tend to 
form perpendicular to the interfaces 56a and 56b between the solid phase amorphous silicon 
and the liquid phase silicon. As a result of the first laser beam irradiation, crystallized 
regions "D,'* "E," and "F" are formed in one block. Additionally, solidification nuclei 
regions 50a are also formed. 

[0019] As mentioned before, the length of lateral grain growth attained by a single laser 
irradiation depends on the laser energy density, the temperature of substrate, and the thickness 
of the amorphous silicon film. In the above-mentioned first laser beam irradiation, the 
grains generated by the lateral growth typically have a length generally ranging from 1 to 1.5 
micrometers ([im). 

[0020] Figure 3B shows crystallizing the amorphous siUcon film using a second laser beam 
irradiation. After the first laser beam irradiation, the X-Y stage or the mask 38 moves in a 
direction opposite to the lateral grain growth of the grains 58a or 58b (in Figure 3 A), i.e., an 
X-axial direction, by a distance of several micrometers, which is the same as or less than the 
maximum length of the lateral grain growth. Then, the second laser beam irradiation is 
conducted. During the second laser beam irradiation, the second laser beam irradiates 
portions of the grains 58a and a portion of amorphous silicon. The regions irradiated by the 
second laser beam are melted and crystallized as described above. The silicon grains 58a 
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or/and the regions 50a generated by the first laser beam irradiation serve as seeds for the 
second crystallization. Thus the lateral grain growth proceeds in the second melted regions. 
Sihcon grains 58c formed by the second laser beam irradiation continue to grow adjacent to 
the silicon grains 58a formed by the first laser beam irradiation, and silicon grains 58d grown 
fi-om an interface 56c are also formed. The lateral growth of these grains 58c and 58d stops 
when the nuclei regions 50b are formed in a middle section of the sihcon region melted by 
the second laser beam irradiation. 

[0021] Accordingly, by repeating the foregoing steps of melting and crystalUzing, one block 
of the amorphous sihcon film is crystallized to form grains 58e as shown in Figure 3C. 
[0022] The above-mentioned crystalhzation processes conducted within one block are 
repeated block by block across the amorphous silicon film. Therefore, the large size 
amorphous silicon film is converted into a crystalhne silicon film. While generally 
successfiil, the conventional SLS method described above has disadvantages. 
[0023] Although the conventional SLS method produces relatively large size grains, the X-Y 
stage or the mask must repeatedly move a distance of several micrometers to induce lateral 
grain growth. Therefore, the time required to move the X-Y stage or the mask 38 takes up* a 
major part of the total process time. This significantly decreases manufacturing efficiency. 
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SUMMARY OF THE INVENTION 
[0024] Accordingly, the present invention is directed to a method of crystallizing an 
amorphous silicon fihn using a sequential lateral soUdification (SLS) that substantially 
obviates one or more of problems due to limitations and disadvantages of the related art. 
[0025] An advantage of the present invention is to provide a sequential lateral soUdification 
(SLS) method, which saves time in crystalUzing an amorphous silicon film to obtain an 
increase in productivity. 

[0026] Another advantage of the present invention is to provide a method of crystallizing an 
amorphous siUcon layer with increased manufacturing yield using the improved SLS method. 
[0027] Additional features and advantages of the invention will be set forth in the description 
which follows, and in part will be apparent fi-om the description, or may be leamed by 
practice of the invention. The objectives and other advantages of the invention will be 
realized and attained by the method particularly pointed out in the written description and 
claims hereof as well as the appended drawings. 

[0028] To achieve these and other advantages and in accordance with the purpose of the 
present invention, as embodied and broadly described, a method for crystallizing an 
amorphous silicon film in a sequential lateral solidification (SLS) apparatus includes the steps 
of locating a substrate having the amorphous silicon fihn in a sequential lateral soUdification 
(SLS) apparatuis; irradiating the amorphous silicon film in a first irradiated region using a 
laser beam that passes through a mask, wherein the mask includes a tight absorptive portion 
for blocking a laser beam and a plurality of stripe-shaped light transmitting portions for 
passing the laser beam, wherein each light-transmitting portion includes triangular-shaped or 
semicircular-shaped edges on both sides, and wherein laterally growing grains are formed by 
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growing laterally from an interface between liquid silicon and solid silicon; moving the mask 
in an X-axial direction by a distance less than the length of the light transmitting portions to 
overlap the previously crystallized grain regions; and performing a second crystallization 
such that laterally growing grains grows in a second irradiated region. The method for 
crystallizing the amorphous silicon film further includes moving the mask a pluraUty of times 
in the X-axial direction to complete the X-axis directional crystallization, and also includes 
moving the mask in a Y-axial direction by a distance less than the width of light transmitting 
portions after the amorphous silicon film is crystallized in the X-axial direction. After 
moving the mask in the Y-axial direction, a second X-axis directional crystallization is 
conducted. In the above-mentioned mask, the distance between the adjacent Ught 
transmitting portions is less than the width of the Hght transmitting portion. Additionally, 
the width of the light transmitting portions is less than or equal to twice the maximiun length 
of lateral grain growth that is to be grown by the sequential lateral solidification (SLS). 
Each of the light transmitting portions can be shaped like a rectangle. 
[0029] In another aspect, a mask for crystallizing an amorphous silicon fihn in a sequential 
lateral solidification (SLS) apparatus includes a light absorptive portion for blocking a laser 
beam and a plurality of stripe-shaped Ught transmitting portions for passing the laser beam. 
Each light-transmitting portion includes triangular-shaped or semicircular-shaped edges on 
both sides. The distance between the adjacent Ught transmitting portions is less than the 
width of the light transmitting portions. The width of the light transmitting portions is less 
than or equal to twice the maximum length of lateral grain growth that is to be grown by 
sequential lateral solidification (SLS). 
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[0030] It is to be understood that both the foregoing general description and the following 
detailed description are exemplary and explanatory and are intended to provide fiirther 
explanation of the invention as claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0031] The accompanying drawings, which are included to provide a further understanding 
of the invention and are incorporated in and constitute a part of this application, illustrate 
embodiments of the invention and together with the description serve to explain the principle 
of the invention. 
[0032] In the drawings: 

[0033] Figure 1 Ais a schematic configuration of a sequential lateral solidification (SLS) 

apparatus according to a conventional art; 

[0034] Figure IB is a plan view showing a mask of Figure 1 A; 

[0035] Figure 2 is a plan view showing a substrate having a partially-crystallized amorphous 
silicon film; 

[0036] Figures 3 A to 3C are plan views showing one block of an amorphous silicon film in 
the crystallization process steps by using a conventional SLS method; 
[0037] Figure 4 is a plan view of a mask that is used for crystaUization according to a first 
embodiment of the present invention; 

[0038] Figures 5A to 5C are plan views showing an amorphous silicon film in the 
crystaUization process steps by using the mask shown in Figure 4; 

[0039] Figures 6A and 6B are plan views of masks that are used for crystallization according 
to a second embodiment of the present invention; 
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[0040] Figxires 7A to 7D are plan views showing an amorphous silicon film in the 
crystallization process steps by using the mask shown in Figure 6 A; 
[0041] Figure 8 is a schematic plan view of a liquid crystal display panel including a data 
driving circuit and a gate driving circuit where the crystalUne active layers are adopted 
according to the present invention; and 

[0042] Figure 9 is a plan view showing a switching device and CMOS transistors. 

DKTATT.F.n DESCRIPTION OF THE ILLUSTRATED EMBODIMENTS 
[0043] Reference will now be made in detail to embodiments of the present invention, 
examples of which are shown in the accompanying drawings. Wherever possible, similar 
reference niunbers will be used throughout the drawings to refer to the same or like parts. 
[0044] Figure 4 is a plan view of a mask 160 that is used in a SLS method according to a first 
embodiment of the present invention. The mask 160 has light transmitting portions "G" and 
light absorptive portions "H." Although the mask 160 is similar to the mask 38 shown in 
Figure IB, the width of the lateral stripe-shaped Ught transmitting portions "G" is less than 
twice the maximum lateral grain growth length. Furthermore, the width of the light 
absorptive portions "H" is less than that of the lateral stripe-shaped light transmitting portions 
"G." Namely, the distance between the adjacent Ught transmitting portions "G" is less than 
their width. 

[0045] Due to the smaller width of the light transmitting portions "G," the lateral grain 
growth stops when the grains generated at the interfaces between the un-melted regions and 
the fiiUy-melted regions collide. In contrast to the crystallization described in Figures 3 A to 
3C, solidification nuclei regions 50a and 50b are not formed when using the mask 160 of 
Figure 4. 
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[0046] The SLS using the mask 160 will now be discussed. As described with reference to 
Figure 1 A, the laser beam 34 passes through the mask 160 and irradiates the amorphous 
silicon fikn on the sample substrate 44. The laser beam 34 is divided into three Une beams 
because there are three hght transmitting portions "G". Those line beams are reduced by the 
objective lens 42 to create beam pattems on the amorphous siUcon film. As crystallization 
proceeds, the beam pattems move in an X-axial direction. Because of the X-axis directional 
movement, crystallization is conducted along a length of the beam pattern. As previously 
described, the X-Y stage 46 or the mask 160 moves by a distance of several hundred 
micrometers (jxm) to several millimeters (mm). The larger movement reduces processing 
time when compared to the SLS method described with reference to Figures 3 A to 3C. 
[0047] Figures 5 A to 5C are plan views showing an amorphous silicon film in the 
crystallization being crystalUzed using the mask shown in Figure 4. It is assumed that the 
mask 160 has three light transmitting portions. As mentioned above, the length of lateral 
grain growth is determined by the energy density of the laser beam, the temperature of 
substrate, the thickness of amorphous silicon film, etc. Thus, lateral grain growth of the 
grains is maximized under optimized conditions. In Figures 5 A to 5C, it should be 
understood that the width of the light transmitting portions "G" (in Figure 4) is smaller than 
twice the maximum length of lateral grain growth. 

[0048] Figure 5 A shows an initial step of crystallizing the amorphous siUcon film. 
Referring to Figures 1 A and 5A, the laser beam 34 emitted from the laser generator 36 passes 
through the mask 160 (which replaces the mask 38) and irradiates a first block Ei of an 
amorphous silicon film 162 deposited on the sample substrate 44. The laser beam 34 is 
divided into three line beams by the hght transmitting portions "G" The three line beams 
irradiate and melt regions "I," "J," and "K** of the amorphous silicon film 162. Since each 

12 

DC:101519.l 



PATENT 
8733.657.00 



of the melted regions "I," "J," and "K" corresponds to a light transmitting portion "Q" the 
width of the melted regions "I," "J," and **K" is less than twice the maximimi lateral grain 
growth. The energy density of the line beams should be sufficient to induce complete 
melting of the amorphous silicon film, i.e., complete melting regime. 

[00491 The liquid phase silicon begins to crystallize at the interfaces 164a and 164b between 
the solid phase amorphous silicon and the liquid phase silicon. Namely, the lateral grain 
growth of the grains 166a and 166b proceeds fi"om xm-melted regions to the fully-melted 
regions. Then, lateral growth stops in accordance with the width of the melted silicon region 
when the grains 166a and 166b collide in middle lines 164 of the melted silicon region. The 
grain boundaries in directionally solidified silicon tend to form perpendicular to the interfaces 
164a and 164b between the solid phase amorphous silicon and the Uquid phase silicon. As a 
result of the first laser beam irradiation, the first block Ei is partially crystallized. Thereafter, 
by way of moving the X- Y stage where the substrate is mounted, the beam patterns moves in 
the X-axial direction by a distance of several millimeters (mm). Thus, the second irradiation 
is conducted and the second block E2 is partially crystallized. The crystallization in the X- 
axis direction is then repeatedly carried out. 

[0050] As a result of the first to third laser beam irradiations described in Figure 5 A, 
crystallized regions "I," "J," and "K" are formed in the first to third blocks Ej, E2 and E3, 
each of which corresponds to the mask 160 of Figure 4, such that crystallized silicon grain 
regions "I," "J,'* and "K" result. 

[0051] Meanwhile, when the mask 160 moves block by block, the mask 160 overlaps a 
portion of previous block. Namely, the laser beam patterns of the second irradiation overlap 
the portions of the crystallized regions, which are formed by the first irradiation, and the third 
laser beam patterns overlap the crystallized portions of the second irradiation. Therefore, 
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overlapped portions "F", which is called crystallization discontinuity hereinafter, are induced 
as shown in Figure 5 A. In the overlapped portions "F," the grains are not uniform. And 
thus, if these non-uniform grains are used as an element of the TFT, some TFT characteristics 
will be deteriorated and the TFT will not operate properly. 

[0052] The basic cause of the above-mentioned phenomena is the interference and scattering 
of the laser beam in the edge portions of the Hght transmitting portions "G" Due to the fact 
that the left and right square-shaped edges of the hght transmitting portion cause the laser 
beam interference and scattering, the amorphous silicon in that region will be melted in a 
circular shape and will be circularly crystalhzed. As mentioned before, the molten sihcon is 
crystallized perpendicular to the interfaces between the liquid silicon and the solid siUcon, 
and thus, the grains formed in the circularly molten regions will be abnormal and 
discontinuous compared to the grains formed in inner portions. 

[0053] In Figure 5B, after the first laser beam irradiation, the X-Y stage or the mask moves in 
a Y-axial direction opposite to the lateral growth of the grains 1 66a or 166b of Figure 5 A by a 
distance of several or several tens of micrometers more or less than the maximum length of 
the lateral growth. Namely, crystaUization is conducted block by block in the Y-axis 
direction. Therefore, the regions irradiated by the laser beam are melted and then 
crystalhzed in the manner described in Figure 5 A. At this time, the silicon grains 166a and 
166b grown by the first to third laser beam irradiations serve as seeds for this crystallization, 
and thus the lateral grain growth proceeds in the melted regions in the Y-axis direction. 
[0054] As a result, siUcon grains 165 formed by the sequential lateral sohdification (SLS) 
continue to grow adjacent to the silicon grains 166a or 166b of Figure 5B as shown in Figure 
5C. Here, the grains 165 have half the distance between the adjacent middle lines 164 of 
Figure 5B. 
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[0055] As described before, according to the first embodiment of the present invention, the 
crystallizing time decreases in the imit area of the amorphous silicon compared to the 
conventional art. This results in increased productivity. 

[0056] However, when the amorphous silicon is crystallized by the above-described first 
embodiment, polycrystalline silicon fihn 168 of Figure 5C divided into first crystalUne 
regions "Kl" and second crystalline regions "K2." The first crystalline regions "Kl " have 
nomial grains that are substantially unifomi, while the second crystalline regions '*K2*' have 
abnormal grains that are formed discontinuously. The second crystalline regions "K2" 
corresponds to the overlapped portions "F" of Figures 5 A and 5B. If the second crystalline 
regions "K2'* are used as active layers in the TFTs, the electron mobility may decrease 
because the active layers formed by the second crystalline regions "K2" have discontinuous 
and abnormal grains. Further, if the TFTs having the second crystalline regions "K2" are 
used as active layers in the liquid crystal panel, discontinuous operating characteristics will 
occur in the liquid crystal panel and the quality of the LCD device decreases. To overcome 
these problems, a second embodiment is proposed as follows. 

[0057] Figures 6A and 6B are plan views of masks that are used in a SLS method according 
to a second embodiment of the present invention. The mask 200 has a light absorptive 
portion 202 and light transmitting portions 203. Although Figures 6 A and 6B show only 
two light transmitting portions 203, respectively, the number of the light transmitting portions 
203 can be more than two in the mask 200. A distance "M2" between the adjacent light 
transmitting portions 203 is less than or equal to a width "Ml" of each light transmitting 
portion 203. At this point, the width ^Ml" of the Hght transmitting portions 203 is less than 
or equal to twice the maximxmi lateral grain growth length. The light transmitting portions 
203 have a stripe shape in an X-axial direction in the mask 200. Edge portions "LI" and 
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"L2" of the light transmitting portions 203 have a triangular shape and semicircular shape, as 
shown in Figures 6A and 6B, respectively. 

[0058] When the mask 200 has light transmitting portions 200 having triangular-shaped 
edges "LI" or semicircular-shaped edges "L2," portions of the amorphous silicon 
corresponding to the triangular-shaped edges "LI" or the semicircular-shaped edges "L2" are 
not crystallized. That is because the laser beam passing through the triangular-shaped edges 
"LI" and the semicircular-shaped edges "L2" has lower laser energy. Namely, due to the 
laser beam interference and scattering in the triangular-shaped edges "LI" and the 
semicircular-shaped edges "L2," the amorphous silicon portions corresponding to these edges 
"LI" and "L2" are not completely melted, thereby causing improper crystallization. 
[0059] Crystallization of amorphous silicon film using the mask 200 of Figure 6A or Figure 
6B will be explained in detail with reference to Figures 7A to 7D. During the crystallizing 
processes illustrated in Figures 7 A to 7D, the mask 200 of Figure 6 A having triangular- 
shaped edges "LI" is adopted. Before starting to crystallize the amorphous silicon, a buffer 
layer (not shown) is first formed on a substrate 220 and an amorphous siUcon fihn 222 is 
deposited on the buffer layer. Then, the amorphous silicon fihn 222 over the substrate 220 
is dehydrogenated. 

[0060] Now referring to Figure 7A, a laser beam having the complete melting regime passes 
through the mask 200 and irradiates the amorphous silicon film 222, thereby amorphous 
silicon portions corresponding to the light transmitting portions 203 of Figure 6A are molten. 
When the molten siUcon is crystallized, grains of first and second grain regions "Ql" and 
"Q2" grow perpendicular to the interfaces between the Uquid silicon and the soUd siUcon. 
The grains of the first grain regions "Ql" are formed in a downward direction fi-om the 
interface to the center, and the grains of the second grain regions "Q2" are formed in a 
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upward direction from the interface to the center. Therefore, the first and second grain 
regions "Q 1 " and "Q2" meet in the central part of a grain regions "Q." Since the width 
^^Ml" of the Hght transmitting portions 203 is less than and equal to twice the maximum 
lateral grain growth length, the grain regions "Q" also have a width that is less than and equal 
to twice the maximum lateral grain growth length. Therefore, the solidification nuclei 
regions are not formed in the middle section of each grain region "Q." At this time, edge 
portions *T" of the grain regions "Q" which correspond to the triangular-shaped edges "LI" 
are slightly molten and crystallized. As described before, since the laser beam interference 
and scattering are generated by the triangular-shaped edges "LI," the energy density of the 
laser beam passing through the triangular-shaped edges "LI" becomes lower. This lower 
energy could not fixlly melt and crystallize the amorphous silicon. 
[0061] Figure 7B shows a second irradiation after moving the mask 200 in an X-axial 
direction. As shown, the mask 200 in which the light transmitting portions 203 have the 
triangular edges moves in the X-axial direction by less than a distance "R." Here, the 
distance "R" is defined by the fiiUy and properly crystallized region of the grain region "Q" 
of Figure 7B. Thereafter, a second laser beam irradiation is conducted. 
[0062] The triangular-shaped edges of the light transmitting portions 203 overlap portions 
228 of normal grains 223 which are formed by the first laser beam irradiation. Additionally, 
the light transmitting portions 203 overlap abnormal grains 226 which are formed by the 
triangular-shaped edges "LI" in the first laser beam irradiation and correspond to the edge 
portions "P" of the grain regions "Q" of Figure 7A. The normal grains in the overlapped 
portions 228 are sHghtly molten in their surface and brought back to the normal grain state, 
because the laser beam passing through the triangular-shaped edges has a lower energy 
density, such as partial melting regime or near complete melting regime. At this time, the 
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abnormal grains 226 are completely molten and re-crystallized, thereby becoming the normal 
grains as indicated by an area 230. 

[0063] By repeating the foregoing steps of melting and crystallizing, the X-axial 
crystalUzation is complete. Thereafter, the X-Y stage or the mask moves in a Y-axial 
direction opposite to the lateral growth of the grains by a distance of several or several tens of 
micrometers more or less than the maximum length of the lateral growth, as shown in Figure 
7C. Then, the regions irradiated by the laser beam are melted and then crystallized in the 
maimer described in Figures 7A and 7B, thereby completing the second X-axis directional 
crystallization. 

[0064] As a result, silicon grain regions 165 where the abnormal grains do not exist are 
formed by the sequential lateral solidification (SLS) according to the present invention, as 
shown in Figure 7D. Namely, a polycrystalline silicon film 232 having silicon grain regions 
165 is finally formed all over the substrate and used as an element of the TFT. 
[0065] The crystalline silicon layer formed by the first and second embodiments, as 
described above, can be used as an active layer of a thin fihn transistor, among other uses, 
such as driving devices and switching devices. 

[0066] When the resolution of a liquid crystal display device becomes greater, the pad pitch 
of the signal lines and scanning lines is reduced. Thus, it becomes more difficult to bond a 
Tape Carrier Package (TCP) to the pads. However, SLS grown polycrystaUine silicon can 
be used for driving Integrated Circuits (ICs) and can be formed on the same substrate as the 
thin film transistors. Such formation of driving ICs on a substrate decreases production 
costs and can ease fabrication difficulties. 
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[0067] Figure 8 is a schematic view of a liquid crystal display panel that includes a data 
driving circuit 334a and a gate driving circuit 334b both of which use crystalline active layers 
fabricated according to the present invention. 

[0068] As shown in Figure 8, a liquid crystal panel 330 includes a display region 332 and a 
driving region 335. In the display region 332 are a pluraHty of switching devices, i.e., thin 
film transistors (TFTs). The data driving circuit 334a and the gate driving circuit 334b are 
also disposed in the driving region 335. These driving circuits 334a and 334b include a 
pluraHty of Complementary Metal Oxide Semiconductor (CMOS) devices. 
[0069] As shown in Figure 9, a CMOS device "C" is comprised of an N-type TFT "CI" and 
a P-type TFT "C2" which are driven by an inverter relative to each other in the nomial totem 
pole fashion. Since the CMOS device "C" consumes little electric power, it is a very 
suitable driving circuit. Such CMOS devices require fast operating characteristics that are 
met by active layers comprised of polycrystalline silicon formed by one of above-described 
inventive methods. Fxirther, since the TFT "T" of Figure 9 is formed of polycrystalline 
silicon fabricated according to the principles of the present invention; it has high electron 
mobility, which improves display quality. 

[0070] The fabrication process for the CMOS device "C" and the thin fihn transistor *T" will 
be explained as follows. The thin film transistor "T" is an N-type for example. 
[0071] First, a buffer layer 352 is formed on a transparent substrate 350. An amorphous 
siHcon (a-Si:H) layer that includes hydrogen is formed on the buffer layer 352. The 
amorphous silicon is then dehydrogenated. Thereafter, the amorphous silicon layer is 
crystallized using one of the aforementioned methods (first or second embodiments), thereby 
forming a polycrystalline silicon layer. 



19 



!X::101519.1 



PATENT 
8733.657.00 



[0072] The polycrystalline silicon layer is then patterned to form first to third active layers 
354, 356 and 358. The first polycrystalline silicon active layer 354 is divided into an active 
channel region 354a and two doping regions 354b that are disposed on both sides of the 
active channel region 354a. Furthermore, the second polycrystalline silicon active layer 356 
is divided into an active channel region 356a and two doping regions 356b, and the third 
polycrystalline silicon active layer 358 is divided into an active layer 358a and two doping 
regions 358b. A first insulation layer 360 is formed on the buffer layer 352 so as to cover 
the polycrystalline silicon active layers 354, 356 and 358. Gate electrodes 362, 364 and 366 
are then formed on the first insulation layer 360, particularly over the active channel regions 
354a, 356a and 358a. 

[0073] Thereafter, the doping regions 354b, 356b and 358b are doped while using the gate 
electrodes 362, 364 and 366 as masks. The doping regions 354b and 356b are doped by n"^ 
ions, whereas the doping regions 358b are doped by p^ ions. Therefore, the transistors *T" 
and "CI" become N-type transistors and the transistor "G2" becomes a P-type transistor. 
[0074] Thereafter, a second insulation layer 368 is formed on the first insulation layer 360 to 
cover the gate electrodes 362, 364 and 366. The first and second insulation layers 360 and 
368 are then patterned to form contact holes that expose impurity-doped regions 354b, 356b 
and 358b. After patteming the first and second insulation layers 360 and 368, a metal layer 
is formed on the second insulation layer 368. The metal layer is then pattemed to form source 
electrodes 370a, 372a and 374a and drain electrodes 370b, 372b and 374b. As shown in 
Figure 9, the source electrodes 370a, 372a and 374a contact the impurity-doped regions 354b, 
356b and 358b, respectively, on the right side of the transistors. The drain electrodes 370b, 
372b and 374b also contact the impurity-doped regions 354b, 356b and 358b, respectively, on 
the left side of the transistors. Therefore, the thin fihn transistor "T" and the CMOS device 
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"C" are formed. A passivation layer 376 is then formed on the second insulation layer 368 
to cover all transistors *T", "CI" and "C2". The passivation layer 376 is then pattemed to 
expose a portion of the drain electrode 370b of the thin film transistor 'T". Thus, a pixel 
electrode 378 formed on the passivation layer 376 contacts the drain electrode 370b of the 
thin film transistor "T". 

[00751 The switching devices and operating devices shown in Figure 9 are fabricated using 
the polycrystalline silicon that is crystallized by the first and second embodiments of the 
present invention, so that the process time can be substantially shortened and the 
manufacturing yield increases. 

[0076] According to the SLS method of the present invention, since the X-Y stage and the 
mask move a distance of several himdred micrometers to several millimeters when 
crystallizing the amorphous silicon fihn, the crystallization time and the fabricating process 
time are dramatically reduced over prior art methods. Furthermore, since the light 
transmitting portions of the mask have triangular or semicircular edges on both sides, the 
continuous and normal silicon grains are formed in all of the polycrystalline silicon fibn. 
Accordingly, when the polycrystalline silicon that is crystallized by the present invention is 
employed in the switching and driving devices of the Uquid crystal panel, their electrical and 
operating characteristics will be improved. 

[0077] It will be apparent to those skilled in the art that various modifications and variations 
can be made in the method of crystaUizing the amorphous silicon without departing fi-om the 
spirit or scope of the invention. Thxxs, it is intended that the present invention cover the 
modifications and variations of this invention provided they come within the scope of the 
appended claims and their equivalents. 
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